ABSTRACT
The current 2017 Nucleic Acids Research Database Issue is the 24th annual collection of bioinformatic databases on various areas of molecular biology. It includes 152 papers, of which 54 describe newly created databases (Table 1) , 82 papers provide updates on the databases that have been previously described in NAR and 16 contain updates on the databases whose descriptions have previously been published elsewhere ( Table 2) .
As previously, the issue is organized according to subject categories covering (i) nucleic acid sequence and structure, transcriptional regulation; (ii) protein sequence and structure; (iii) metabolic and signaling pathways, proteinprotein interactions; (iv) genomics of viruses, bacteria, protozoa and fungi; (v) genomics of human and model organisms; (vi) human diseases and drugs; (vii) plants and (viii) other topics, such as proteomics databases. Unsurprisingly, many resources straddle multiple categories and defy easy classification so we encourage readers to browse the whole issue, not limiting themselves to a single section. The databases listed in the Nucleic Acids Research online Molecular Biology Database Collection, which is available at http://www.oxfordjournals.org/nar/database/a/, are split into the same 15 categories and 41 subcategories as before.
In this year's issue, the usual annual survey of the progress in databases held by the U.S. National Center for Biotechnology Information (NCBI), is supplemented by a report from the Beijing Institute of Genomics, Chinese Academy of Sciences, on their BIG Data Center which hosts a variety of genomic databases. [Because of the high number of references to the databases in the NAR 'golden set' (Table 3) , we could not properly cite most of the papers included in the current Database Issue. Please refer to this issue's Table of Contents.].
In the 'Nucleic acid databases' section, several resources emphasize the complexity of regulatory processes. Examples include SNP2TFBS, a database of SNPs in predicted transcription factor binding sites (TFBSs); LincSNP, a database that links SNPs to long noncoding RNAs and their TFBSs; LNCediting, a database of RNA editing in lncRNAs, and POSTAR, a resource on post-transcriptional regulation by RNA-binding proteins.
Major protein sequence databases include updates from UniProt and InterPro, the latter encompassing ever more component databases, most recently the NCBI's Conserved Domain Database (CDD), which is also described in a separate paper in this issue, and the Structure-Function Linkage Database (SFLD), which has been featured in NAR previously (1). Accordingly, as described in the UniProt paper, InterPro now serves as a major source of protein functional annotation for the UniProt entries. Updates on primary protein structure databases include papers on the RCSB Protein Data Bank (PDB) and PDBj. The latter reports on the integration of previously separate visualizations, allowing a single tool to display macromolecular structures not just from the PDB, but also from EMDB and SAS-BDB, containing structural information obtained, respectively, from cryo-EM and small angle solution scattering experiments. PDBj also now allows a search across the same three databases on shape similarity. In the area of modelled structures, the hugely popular Swiss-Model repository re-ports new features and policies, including a weekly update of modelled proteomes of 12 'core species' to recognize the possible emergence of better templates in weekly PDB releases. Reacting quickly to the ever-expanding PDB is also a preoccupation of two protein structural domain databases, CATH and ECOD, reporting in update papers here. The CATH paper reports a new, daily-generated automatic supplement CATH-B, as well as developments of its functional families, or FunFams, whose value in sequence annotation has become clear in competitive blind CAFA tests. The ECOD describes a weekly release cycle as well as new ways to search the database and convenient means to superimpose and visualize the search results. Class-specific protein databases include updates from RepeatsDB and DisProt and an interesting new arrival FuzDB, cataloguing protein complexes whose components remain 'fuzzy', or locally disordered, even when interacting with other proteins. Another new database, LinkProt, features protein structures with topologically complex shapes.
Metabolic and signaling pathway databases include updates on major resources KEGG and BioGRID. The update from BRENDA database of enzymes, one of the most venerable in the collection, dating as it does from 1987, describes new means of visualization -pathway maps and metabolic overviews. An interesting new arrival, XTalkDB, focuses specifically on cross-talk between signaling pathways. Microbe-related databases in the following section include heavily-used resources for influenza (Influenza Research Database) and Escherichia coli (EcoCyc). Other databases focus significantly on pathogens, or on antimicrobial resistance. Eukaryote pathogens are strongly represented by EuPathDB, PHI-base and a newcomer PathoYeastract, focusing on transcription regulation in pathogenic yeasts.
In the section covering genomics and comparative genomics, important updates from Ensembl, FlyBase, STRING and the UCSC Genome Browser are included. Easy access to orthologous genes across species is provided by the well-established OrthoDB and the new arrival HieranoiDB which offers beautifully presented trees of orthologues. Another important cross-species analysis is represented by the Monarch Initiative, highlighted by NAR reviewers and editors as a 'Breakthrough' article (2) . Working with the Human Phenotype Ontology, also reporting an update in this issue, Monarch Initiative aims to link mutations in orthologous genes to the similar phenotypes often observed in different species. This ambitious objective requires the careful use and integration of ontologies to precisely describe anatomy, diseases and phenotypes, but the pay-off is an ability to link from human diseases to disease models in various model organisms, maximizing the value of data obtained for any given organism (2) .
As ever, this issue covers important databases supporting research in the molecular basis of disease and treatment. Cancer is covered not only by the major resource COSMIC, reporting interesting new coverage of the genetics of drug resistance, but also by updates to ChimerDB, recording chimeric transcripts, dbDEMC, containing information on miRNA expression levels in cancer, and YM500, focusing on small RNA sequences relevant to cancer. Furthermore, the update paper from OGEE, the gene essentiality database, includes an interesting focus on genes that are differentially essential in different cancers. More generally, DisGeNET and Open Targets [another new database designated as a 'Breakthrough' paper, (3)], both offer comprehensive resources linking pathogenic gene variants to a variety of other data.
The third database in this issue recognized by the NAR reviewers and editors with the 'Breakthrough' designation is DENOVO-DB, a database of mutations that have been found in human subjects but which were missing in both of their parents (4) . The database lists ∼32 000 sites in the genome with data obtained from >16 000 patients carrying some kind of a disease and >17,000 control individuals. The majority of disease variants were from individuals with autism and congenital heart disease with smaller samples coming from schizophrenia, epilepsy, and other neurodevelopmental disorders (4) . There is no doubt that this collection will find a variety of uses, from analyzing de novo mutations linked to a particular disease to studying the frequencies of mutations in certain parts of the genome. The mirDNMR database is also a collection of de novo mutations with specific focus on the background mutation rates calculated by several statistical approaches (5). Finally, in the genomic variation section, a major new arrival is the ExAC browser providing access to exome sequences from over 60 000 human genomes. This unprecedented depth of sampling of human genome data has important implications for attempts to predict observed SNP sequence variants as benign or damaging (6) .
Plant databases represented here include an update to the popular PlantTFDB, collecting information on plant transcription factors and SUBA, recording plant subcellular localization data in Arabidopsis. Important new databases here include AraPheno, dealing with phenotypic data for the same model plant, and the intriguing PLaMoM which covers macromolecules, nucleic acids and plants, that are mobile over long distances in plants.
Finally, this issue includes descriptions of two important proteomics databases, an update on the widely used ProteomeXchange, dealing with standards and dissemination of proteomics data, and a first paper from one of its members describing the Japanese Proteomics Standards (jPOSTrepo) repository.
UPDATED NAR ONLINE MOLECULAR BIOLOGY DATABASE COLLECTION
This year's update of the NAR online Molecular Biology Database Collection (which is freely available at http://www. oxfordjournals.org/nar/database/a/), involved inclusion of 55 new databases (Table 1 ) and 15 databases that have been previously described elsewhere and were not part of this Collection (Table 2 ). In the current update, 18 duplicate en- 
LOOKING BACK: WHAT HAS CHANGED, WHAT HAS NOT
The 2006 editorial by MYG (7) included the following paragraph: 'After 12 years of database issues and 8 years of the accompanying web supplement, it was interesting to check if they are really having an impact. In other words, how many people really care about them and use them? To evaluate the impact of the NAR database issues, I have used a tool that, despite all complaints and caveats, is commonly utilized for evaluating research productivity, namely the Science Citation Index ® produced by the Institute for Scientific Information (ISI). If databases are put on the web for the benefit of the research community, the frequency with which people use (and cite) a given database could serve as an indication of whether this database serves a useful pur- (6)] has been cited 375 times in <2 years definitely indicates that this database is widely used by the research community. Indeed, comparing a protein sequence against Pfam has become standard practice in sequence analysis, particularly in genome annotation. It is probably no coincidence that the first author of the Pfam paper also serves as the Editor of the NAR database issues. In the interest of full disclosure, I have cited this Pfam paper myself eight times since its publication in 2004.' We hope the readers will excuse this small piece of self-plagiarism, which shows how little has changed in more than a decade. Pfam still remains our citation leader, even though it has been moved from the Wellcome Trust Sanger Institute to the EMBLEuropean Bioinformatics Institute and its URL has been changed to http://pfam.xfam.org (8) . The NAR Database Issue as a whole is still very well cited and serves as a publication venue for a wide variety of hugely popular databases. In response to repeated requests of various researchers, Table 3 presents a list of such perennial favorites published in NAR three or more times.
SOME LESSONS LEARNT
Ten years ago Alex Bateman published an editorial that included a section on 'What makes a good database?' (9) . This paper remains a must-read for anyone planning to submit a paper to the NAR Database Issue. It is available online at http://nar.oxfordjournals.org/content/ 35/suppl 1/D1.full and is linked from the NAR Instructions to authors page https://academic.oup.com/nar/pages/ ms prep database. Here are some additional recommendations that might be useful for future database authors.
1. The database is expected to be maintained for many years, so it is worth spending some effort on finding it a proper name. Names that use the words from standard vocabulary or well-known commercial terms make it difficult for the potential users to find the database URL on the web. Among the databases published this year, the name of the Japanese Proteomics Standard repository has been changed from jPOST (a name shared with the web site of the Jerusalem Post newspaper) to JPOSTrepo, which does not have such a connotation. However, the previously published HIPPIE ( The curation requirement means that mere integration of previously created databases is not going to be welcomed, no matter how complicated and successful that integration might have been. The only exceptions we have considered were consortium projects (such as RNAcentral and ProteomeXchange in this issue) where authors of diverse databases committed to jointly maintaining their resources and exchanging the data for the benefit of the community. 4. Scientists, like everybody else, are not immune to fashion. In the past years, we have seen rapidly rising--and then quickly falling--numbers of databases dedicated to protein-protein interactions, noncoding RNA, microRNA, their targets, long noncoding RNA, diseaserelated genes, drugs and drug targets, and so on. In cases like that, we used to refrain from choosing the best database among several ones created at the same time. Instead, we accepted two or three similar papers and allowed the respective databases to prove themselves. In the emerging areas of research, we see nothing wrong with a bit of competition, as long as these databases remain functional and regularly updated, and continue offering a useful service to the community. 5. While it is hard for any single group to compete with such database juggernauts as NCBI, EMBL-EBI, BGI or Swiss Institute for Bioinformatics, some of the most successful databases, such as CAZy and GPCRdb (Table 3), have been created and are being maintained by relatively small groups.
CHANGING OF THE GUARD
This issue has been jointly edited by Drs. Michael Y. Galperin (Bethesda, MD, USA) and Daniel J. Rigden (Liverpool, UK). At the end of 2016, the former has retired from editing NAR and the latter assumed full responsibility for the NAR Database Issue. We are going to continue using the same E-mail address nardatabase@gmail.com and will adhere to the same database selection principles that have been introduced by the founding editor Sir Richard J. Roberts and successfully continued by Drs. Andreas D. Baxevanis, Alex Bateman, and, most recently, Michael Y. Galperin.
